The ability to pattern proteins and other biomolecules onto substrates is important for capturing the spatial complexity of the extracellular environment. Development of microcontact printing by the Whitesides group (http://gmwgroup.harvard.edu/) in the mid-1990s revolutionalized this field by making microelectronics/microfabrication techniques accessible to laboratories focused on the life sciences. Initial implementations of this method used polydimethylsiloxane (PDMS) stamps to create patterns of functionalized chemicals on material surfaces 1 . Since then, a range of innovative approaches have been developed to pattern other molecules, including proteins 2 . This video demonstrates the basic process of creating PDMS stamps and uses them to pattern proteins, as these steps are difficult to accurately express in words. We focus on patterning the extracellular matrix protein fibronectin onto glass coverslips as a specific example of patterning. An important component of the microcontact printing process is a topological master, from which the stamps are cast; the raised and lowered regions of the master are mirrored into the stamp and define the final pattern. Typically, a master consists of a silicon wafer coated with photoresist and then patterned by photolithography, as is done here. Creation of masters containing a specific pattern requires specialized equipment, and is best approached in consultation with a fabrication center or facility. However, almost any substrate with topology can be used as a master, such as plastic diffraction gratings (see Reagents for one example), and such serendipitous masters provide readily available, simple patterns. This protocol begins at the point of having a master in hand.
Microcontact printing is a powerful process for patterning molecules on surfaces. This process has the ability to create features with dimensions ranging from tens of micrometers to hundreds of nanometers; in Fig. 1A , the logos on the left are each 200 µm in height, while the green spots illustrated in Fig. 1B are 1 µm in diameter and spaced at 4 µm intervals, measured center-to-center. Fig. 1B also illustrates a powerful property of microcontact printing, namely that it is and additive process. Multiple rounds of microcontact printing can be applied to a single surface to create multicomponent systems 3 .
Discussion
The microcontact printing process is conceptually simple and very robust, having been applied to patterning a wide range of molecules on a variety of substrates. However, this process remains something of an art. The specific geometry of the pattern to be created, protein to be patterned, applied weight, and coating/stamping conditions all affect the stamping quality. For example, too little weight, applied to large features, often results in gaps in the pattern as can be seen in the upper right logo of Fig. 1A . Conversely, too much weight will cause sagging and collapse of the stamp, resulting in unintended deposition of protein in regions between patterned features.As a second example, specific proteins (such as antibodies)
